The goal of our research was to use simulation modelling for prediction of the Croatian First Football League seasonal ranking and analyse variation in teams' performance during a season. We have developed a model of the number of goals scored by a team in a match based on the Poisson distribution. Parameters of the model were estimated from the data on consecutive matches in a season. Variation in a team's performance was modelled as a moving parameter estimate. The final rankings were predicted from 1000 simulation runs of the second part of the season based on parameter estimates from the first part of the season. For each team the most frequent outcome of the simulation defined the team's rank. The method was tested on seasons 2014/15 and 2015/16. Prediction was correct for six teams in the season 2014/15 and five teams in the season 2015/16. Proposed methods enable dynamic monitoring of a team's performance and prediction of final rankings during the season. An advantage of the prediction method is that in addition to predicting the final ranking it also estimates probabilities of alternative positions.
Introduction
Our aim was to develop methodology to dynamically monitor teams' performance and predict final rankings of teams in a league after the first half of the season is played and apply it to the Croatian football league. There is a wide range of benefits that such an analysis can provide. Teams' management can gain more objective assessment on (relative) strength of their team. Applied to a sliding window of matches during a season results can also signal decrease in team's quality that cannot be attributed to natural variation.
Models in current literature are becoming complex and require large amount of data. On the other hand, Croatian league is relatively small (10 teams, 180 matches per season). Teams' performance monitoring and prediction of final rankings had to be based on final scores of ca. 90 matches. This imposed a strong restriction on the feasible number of parameters (i.e. degrees of freedom of the model). Therefore, we had to make some strong assumptions. We assume that number of goals scored by a team is a Poisson random variable with a constant parameter during the season, modified only by home advantage. Numbers of goals scored by two teams in a match are assumed to be independent. It is interesting to determine whether such a simple model is rich enough to enable prediction of the final rankings in Croatian Football League from data on only a part of a season.
The rest of the paper is structured as follows. The next section presents literature review and some directions of further development in the area of football match score prediction. Research Methodology section introduces basic information on the Croatian Football League and the structure of data as well as methodology. The fourth section provides results for seasons 2014/15 and 2015/16 with discussion. Main findings are summarised in Conclusions.
Literature review
Sports analytics and predictive analytics captured the attention of both scientific and general audience after the appearance of the book Moneyball (Lewis, 2004) and the subsequent movie (Moneyball, 2011) . They display now famous results of baseball team Oakland Athletics' attributed to use of statistical analysis of the game and of players' performance. Football analytics still do not get such attention of general audience; however, they have been around for more than 30 years.
The first models of football results were published in the 80's (e.g. Maher, 1982) . Modelling number of goals scored by a team as a Poisson random variable was one of the first approaches. Further developments include prediction of league results (e.g. Lee, 1997 ) and use of bivariate distribution (e.g. Karlis and Ntzoufras, 2003 
Methods
We have modelled number of goals scored by each team as a Poisson random variable:
Parameter depends on number of goals achieved by a team in previous matches. Since number of goals is larger when team plays home, and smaller when team plays away, we have added a home-bonus factor h. If A is the team playing home and B is the team playing away then:
where λ is an average number of goals scored per team in all matches, and are team specific factors.
Goals in a match where home team A is playing against away team B were modelled independently. If X was number of goals scored by team A and Y was number of goals scored by team B probability of score n:m was:
where X and Y were Poisson random variables with parameters and . Home-bonus h was estimated as ℎ = ℎ ⁄ − 1, where ℎ was the average number of goals scored per home team in all matches. Team specific factor t for a team that played n matches at home and m matches away was estimated as = ⁄ − 1, where g was average number of goals scored by the team and e was expected number of goals scored by an average team that played n matches at home and m matches away, given by:
We have estimated Poisson parameters ℎ , , home-bonus ℎ, and team specific factors from available data. For the purpose of monitoring teams' performance, we have estimated the parameters on a sliding window of consecutive matches. For prediction of the final ranking, we have used parameter estimates from the first part of the season for simulation of match results for the rest of the season. Based on results of the simulation we have allocated points to the teams and generated a ranking. Simulations were run 1000 times. For each team probability of each position in final ranking was estimated as a proportion of simulation runs resulting with the team in that position.
Prediction accuracy for Seasons 2014/15 and 2015/16 were compared with accuracy of naïve predictions based on ranking after the winter part of the seasons using Euclidean distance between predicted and actual rankings.
Variation in a team's performance was modelled by moving parameter estimates. For each team specific factors and home-bonus were calculated in moving time-frames of five consecutive games. Expression (2) was used to estimate teams' expected average number of goals per game, without correction for home advantage, over moving time frames. These estimates were used to monitor teams' performance dynamics.
Results

Season 2014/15
During the Season 2014/15, total number of games played was 180. In the winter part of the Season, there were 19 rounds with the total of 95 matches. Average number of goals scored per team (λ) was 1.505, average number of goals scored per home team ( ) was 1.832, and average number of goals scored per away team ( ) was 1.179. Home-bonus h was 0.216, i.e. teams achieved 21.6% more goals per game when playing home then in general.
Estimates of teams' parameters are presented in Table 3 . It is interesting to compare data in Table 1 and parameter estimates in Table 3 . For the upper part of the table (the best four teams), their order in respect to the total number of points after the winter part of the Season corresponded to the order in respect to Poisson lambdas. For the middle and lower part of the table, these orders were not equal. Teams with higher number of goals scored tended to have higher lambdas then we would have expected based only on point rankings. Therefore, we expected to find a difference between a naïve prediction based on interim ranking after the winter part of the Season and our prediction based on simulation. Table 4 presents results of the simulation, along with rankings after the winter part of the Season and the final ranking of the Season. It shows that final ranking of teams is highly predictable. Six of the teams had final ranking position that was predicted by the model as the most likely. Slaven Belupo, Osijek and Istra 1961 had probability of the most likely position lower than 0.5. For these teams predicted final position missed achieved final position by one. The only surprise was RNK Split for which the most likely position had probability above 0.5. Their achieved final position was equal to the position predicted as the second most likely. Euclidean distance between predicted and achieved final ranking was 2.00. In comparison, Euclidean distance between naïve prediction (using interim ranking after the winter part of the Season as prediction of the final ranking) and the final ranking was 2.83. Maximal deviation of naïve method was two, and for our model, it was one. Expected number of goals scored by an average team ( ) for teams that played 11 games at home and 10 games away was 25.638/21 = 1.221. Expected number of goals scored by a team that played 10 games home and 11 games away was 25.162/21 = 1.198. These numbers were used to calculate team specific factors. For example, RNK Split scored 22 goals in winter part of the Season, playing 11 games home and 10 games away, so it's team specific factor = ((22/(11 + 10)/1.221) − 1 = − 0.142. Table 5 presents Poisson parameters for all teams and different match scenarios (neutral ground, home, away). It is interesting to notice differences in team rankings based on total number of points after the winter part of the Season (Table 2) and those based on estimates of Poisson parameters (Table 5 ). For instance, Lokomotiva Zagreb and Slaven Belupo ranked higher in Table 5 , and RNK Split ranked lower. The second part of the Season 2015/16 comprised 15 rounds with a total of 75 games. Maximum number of points that a team could gain during the second part of the Season was 45. Table 6 shows three most likely positions for each team with estimated probabilities based on simulation. We predicted RNK Split to drop by one position, but they ended two positions lower than in interim ranking. Lokomotiva Zagreb improved its position as our model suggested. Inter Zaprešić significantly improved their performance in the second part of the season and was better than predicted. Osijek also significantly improved performance in the final 10 games (losing only 3 games, unexpected from a team near the bottom of the table).
Overall achieved final position was equal to the predicted most likely position for five teams. Euclidean distance between our prediction and the final ranking was 2.83, same as Euclidean distance between naïve prediction (using interim ranking after the winter part of the Season as prediction of the final ranking) and the final ranking. Maximal deviation of both naïve method and our model was two. winning the championship. On the other hand, analysis correctly pointed out that NK Zagreb was at a high risk of ending the Season in the last position. Advantage of this method is that in addition to providing prediction for the final ranking it also provides probabilities of alternative positions. For teams that have large difference between the probabilities of the most likely and the second most likely position, we may have high confidence in the prediction of their final position, under the assumption that there are no changes in the relative quality of play of all teams. However, for teams for which probabilities of alternate positions are not very different, confidence of prediction is lower.
Demonstrated dynamical assessment of performance during a season could be used for detecting change in performance or validating effects of changes introduced in play. Such analyses could become a valuable tool for the teammanagement decision support. Model can be used for a priori impact assessment by running simulations of different management strategies based on their expected effects on match results.
In order to accommodate small amount of available data we had to make strong assumptions. This model does not accommodate variations in teams' performance. However, due to a small number of parameters it is possible to analyse part of the season, and thus monitor changes in teams' performances. It is also assumed that home advantage is the same for all teams and locations. In order to accommodate for variations in home advantage effects we would have to base our prediction on a larger set of matches. Similar argument could be put forward regarding independence of number of goals scored by the two teams in a match. Thus, we had to make a trade-off between model complexity and size of data. We show that even with these limitations it is possible to achieve reasonable prediction.
